INTRODUCTION
============

Since the first report of an endoscopic papillectomy (EP) in 1983,[@B1] EP has been established as a less invasive, alternative therapy for adenoma of the major duodenal papilla. Both prospective and retrospective studies have reported the safety and efficacy of this procedure.[@B2],[@B3],[@B4],[@B5],[@B6],[@B7],[@B8],[@B9],[@B10],[@B11],[@B12],[@B13],[@B14],[@B15],[@B16],[@B17],[@B18],[@B19],[@B20],[@B21] The complete resection rate of EP ranges from 54% to 92% and the recurrence rate ranges from 0% to 33%.[@B2],[@B3],[@B4],[@B5],[@B6],[@B7],[@B8],[@B9],[@B10],[@B11],[@B12],[@B13],[@B14],[@B15],[@B16],[@B17],[@B18],[@B19],[@B20],[@B21] The rate of complications after EP has varied from study to study, and is as high as 29%.[@B2],[@B3],[@B4],[@B5],[@B6],[@B7],[@B8],[@B9],[@B11] The overall mortality rate after EP is 0.4%.[@B11] The indications, techniques, and outcomes of EP are described comprehensively in previously published reviews and guidelines.[@B22],[@B23],[@B24],[@B25],[@B26],[@B27],[@B28],[@B29]

This review will focus on the recent advances in EP, especially those pertaining to endoscopic ultrasonography (EUS) and the placement of pancreatic duct stents for the prevention of postpapillectomy pancreatitis.

ENDOSCOPIC ULTRASONOGRAPHY AND INTRADUCTAL ULTRASONOGRAPHY
==========================================================

Role in preprocedural evaluation
--------------------------------

After an endoscopic exam and biopsy of the ampullary tumor, an assessment of tumor extent is vital before commencing EP. Intraductal extension of the tumor may preclude complete endoscopic resection and may be a criterion for surgical resection.[@B5],[@B7] Endoscopic retrograde cholangiopancreatography (ERCP) can demonstrate intraductal extension of the tumor, but may be complicated by ERCP-related complications such as pancreatitis. On the other hand, EUS is a less invasive alternative to ERCP for the assessment of tumor extent and periampullary lymph node involvement ([Fig. 1](#F1){ref-type="fig"}). The techniques of EUS examination have been meticulously described in a previous review.[@B30] To obtain high quality EUS images of the ampulla, the transducer is placed perpendicular to the ampulla of Vater, duodenal peristalsis is paralyzed with anticholinergics, and water is infused to achieve submersion without bubbles. Since the ampulla can be easily compressed by the transducer and the lesion on the ampulla may be friable and bleed easily, the transducer should be maintained at some distance from the ampulla.

Previous studies repeatedly demonstrated the superiority of EUS to transabdominal ultrasonography, computed tomography, and magnetic resonance imaging in terms of the assessment of the extent of ampullary tumors.[@B31],[@B32],[@B33],[@B34],[@B35],[@B36],[@B37],[@B38] In a meta-analysis of 14 studies involving 422 patients, the pooled sensitivity and specificity of EUS in the diagnosis of T1-stage tumors were 77% and 78%, respectively.[@B33] In a recent retrospective cohort study of 119 patients with ampullary tumors, the sensitivities and specificities of EUS (80% and 93%) and ERCP (83% and 93%) were comparable.[@B19] The overall accuracy of EUS for the assessment of tumor extent was 90%. The authors concluded that ERCP and attempts at endoscopic resection of the ampullary tumor should be avoided in selected cases of local tumor invasion or intraductal extension detected by EUS. However, the findings of that study are limited by its retrospective design, and a prospective study with predefined criteria for proceeding from EUS to ampullary tumor resection is needed. While EP is a potentially curative treatment for ampullary adenoma, it can only serve as a diagnostic method and/or palliative treatment for ampullary carcinoma, even in capable hands. EUS would be useful in minimizing incomplete endoscopic resection of ampullary tumors.

There has been some disagreement regarding the need for EUS before the resection of ampullary adenomas. The American Society of Gastrointestinal Endoscopy guidelines recommended an EUS examination before endoscopic or surgical resection when available.[@B28] There has been no consensus with respect to the type of echoendoscope. Many endoscopists use a radial echoendoscope alone, some use a linear echoendoscope alone, and some use both echoendoscope types.[@B6],[@B19],[@B20],[@B31],[@B32],[@B33],[@B39]

In intraductal ultrasonography (IDUS), an ultrasound probe is inserted through the working channel of the duodenoscope and into the bile and pancreatic ducts.[@B40],[@B41] IDUS may be better than EUS for detailed imaging of the anatomy of the ampulla of Vater because it has a higher ultrasound frequency and obtains images in a perpendicular direction to the duct ([Fig. 2](#F2){ref-type="fig"}).[@B40],[@B42] In a recently published study of 48 patients with ampullary tumors, EUS and IDUS showed the same (85%) overall diagnostic accuracy.[@B41] There were no complications related to EUS or IDUS. The authors proposed that either EUS or IDUS can be used for the preprocedural evaluation of ampullary tumors. However, EUS could not visualize the muscularis propria of the duodenum in two patients and had difficulty visualizing the pancreatic duct in one patient. In addition, IDUS could not visualize the sphincter of Oddi in one patient. The diagnosis of foci of adenocarcinoma or focal invasion of the duodenal wall layer presented difficulties with both modalities. As an editorial on this study aptly pointed out, further technical refinements of EUS and IDUS are required for a more precise assessment of ampullary tumors.[@B43]

Role in follow-up after endoscopic papillectomy
-----------------------------------------------

There is still no consensus regarding the interval and method of follow-up after EP. Usually, a duodenoscopic exam and biopsy are used. In contrast to the robust data on the usefulness of EUS and/or IDUS in preprocedural evaluation, there is a paucity of data concerning the usefulness of EUS and/or IDUS during follow-up after EP. A multicenter prospective study involving 93 patients used a duodenoscopic exam, biopsy, and EUS with or without ERCP during post-EP follow-up.[@B20] Another prospective study used EUS during follow-up, but only \"if required\" in addition to a clinical exam, transabdominal ultrasonography, and endoscopy with biopsy.[@B18] However, neither study was designed to evaluate the usefulness of EUS during post-EP follow-up. An assessment of the usefulness of EUS and/or IDUS during follow-up after EP would require a multicenter study conducted over an extended period of time.

PANCREATIC STENT PLACEMENT TO PREVENT POSTPAPILLECTOMY PANCREATITIS
===================================================================

Rationale for pancreatic stent placement
----------------------------------------

Along with the tumor, EP removes tissue around the bile duct and pancreatic duct orifices located at the major duodenal papilla.[@B27] Therefore, it is associated with an increased risk of postprodecural pancreatitis. A meta-analysis of five studies involving 481 patients showed that patients in the no stent group had a 3-fold increased risk of post-ERCP pancreatitis.[@B44] Prophylactic pancreatic duct stent placement has been widely used to prevent post-ERCP pancreatitis ([Fig. 3](#F3){ref-type="fig"}).

After three decades of EP, the ability of pancreatic duct stent placement to prevent postpapillectomy pancreatitis has not yet been established. Many endoscopists recommend prophylactic pancreatic stent placement in every patient who undergoes EP.[@B7],[@B10],[@B13],[@B15],[@B25],[@B45] Some recommend selective pancreatic stent placement-i.e., only when the pancreatic duct is not patulous and cannot be identified easily.[@B2],[@B5],[@B6],[@B7],[@B11],[@B12],[@B15],[@B20],[@B46]

One of the most cited studies in favor of pancreatic stent placement is a prospective, randomized, controlled trial conducted by Harewood et al.[@B10] This study enrolled 19 patients who underwent *en bloc* EP, 10 of whom were randomized to pancreatic stent placement. Postpapillectomy pancreatitis occurred in three patients who were all from the unstented group (33% vs. 0%, *p*=0.03). Prophylactic pancreatic stent placement has been recommended and practiced on the basis of this finding. However, this study is limited by the small number of enrolled patients. Hence, further large-scale studies are needed to confirm the protective effect of prophylactic pancreatic stent placement.

Methods of facilitating pancreatic stent placement
--------------------------------------------------

Although some endoscopists claim that it is easy to identify and cannulate the pancreatic duct orifice after EP, this is not always the case. The orifice may be buried under the coagulum in the base of a postpapillectomy ulcer. Therefore, quite a few studies examined methods of facilitating pancreatic stent placement ([Table 1](#T1){ref-type="table"}).[@B4],[@B43],[@B47],[@B48],[@B49],[@B50],[@B51]

Routine preresection biliary and pancreatic sphincterotomy was used with pancreatic stent placement in a retrospective analysis of 41 patients with ampullary tumors.[@B4] This method inevitably resulted in piecemeal resection. There was a single episode of postpapillectomy pancreatitis and a single episode of moderately severe postsphincterotomy bleeding requiring the transfusion of seven units of packed red blood cells. Although 92% of the ampullary adenoma patients remained recurrence-free over a mean follow-up of 19 months, multiple sessions (range, 1 to 5) of ERCP were needed for eradication. However, long-term results are not available for this method.

Another interesting method is pancreatic duct wire-guided EP.[@B43],[@B47] This method secures a route for pancreatic stent placement prior to EP. Before the ampullary tumor is snared, a 0.035-inch guidewire is placed in the pancreatic duct. Immediately after EP, a 5 Fr pancreatic stent with a flap is passed over the indwelling guidewire and placed across the pancreatic duct orifice. In all six patients enrolled in the pilot study, wire-guided EP resulted in *en bloc* resection without acute pancreatitis.[@B47] After 9 years, the authors published their results with pancreatic duct wire-guided EP in 72 patients.[@B43] Pancreatic stent placement after EP was successful in all patients. *En bloc* resection of the ampullary adenoma was achieved in 83% of patients. Postpapillectomy pancreatitis occurred in 8%, but it was mild in all cases and resolved with conservative management.

A case study of three patients with ampullary adenoma reported that the EUS-guided intraductal injection of methylene blue resulted in successful pancreatic stent placement after EP in all patients.[@B52] Using a 25-gauge needle primed with diluted methylene blue, the main pancreatic duct was punctured under EUS guidance. Next, methylene blue was slowly injected into the duct until its flow was visible from the orifice. There were no episodes of postpapillectomy pancreatitis. This case study did not clarify whether the injection was performed after failed attempts at pancreatic cannulation.

One case report described the use of EUS-guided rendezvous pancreatic duct access for pancreatic stent placement during EP.[@B48] After successful excision of the ampullary adenoma, the pancreatic orifice could not be located despite multiple protracted and futile attempts. Because the authors feared that the pancreatic duct was \"thermally sealed shut,\" they undertook an EUS-guided transduodenal puncture of the main pancreatic duct. A 0.025-inch guidewire was advanced through the 19-gauge needle across the papilla and into the duodenum. Pancreatic duct cannulation was achieved alongside the guidewire and a 5 Fr pancreatic stent was placed, which traversed the puncture site. No postpapillectomy pancreatitis occurred. In the presence of an experienced endosonographer, EUS-guided pancreatic duct access seems feasible. There have been no further case reports or studies to verify this assumption.

One pilot study investigated the preresection placement of a newly developed insulated pancreatic stent.[@B49] The ampullary tumor was snared and resected with the stent in place, and retrieved after perpendicular incision with a needle knife. This 5 Fr stent was composed of polytetrafluoroethylene, which was originally used in the inner tube of the delivery catheter of an esophageal metal stent. In 11 consecutive patients, there was no case of postpapillectomy pancreatitis. However, this method is limited by the difficulty of retrieving the resected specimen with the stent left in place. Hence, further studies with larger numbers of patients and long-term follow-up are needed to confirm these results.

To ensure reliable post-EP pancreatic stent placement, a method for placement above the pancreatic duct orifice (inside pancreatic stenting papillectomy) was devised and used in a prospective 10-patient pilot study.[@B50] A 5 Fr, 5 cm straight plastic stent with flaps at the proximal and distal ends was used. The flap at the proximal end was cutoff and 4-cm-long braided medical silk was tied to the distal end. Prior to the snaring of the ampullary tumor, this pancreatic stent was inserted deeply and deliberately left inside the main pancreatic duct. Only 2 cm of the silk suture was left outside and endoscopically visible. After EP and specimen retrieval, the suture was grasped and pulled with biopsy forceps and the pancreatic stent was placed across the orifice. This novel method was successful in nine out of 10 patients. *En bloc* resection was performed in eight patients. The suture remained intact in eight patients after the application of an electrosurgical current. There were no episodes of postpapillectomy pancreatitis. Inside pancreatic stenting papillectomy seems practical, but its efficacy requires confirmation in further studies with larger patient numbers.

Another study of 56 consecutive patients with ampullary adenoma evaluated whether intraductal methylene blue injection prior to EP facilitated pancreatic stent placement.[@B51] Before snaring of the ampullary tumor, the pancreatic duct was cannulated with a hydrophilic guidewire and 2 mL of diluted methylene blue was injected slowly and distributed along the main pancreatic duct. After resection, a 5 or 7 Fr straight pancreatic stent was placed. Pancreatic cannulation was successful in 89% of the patients. Postpapillectomy pancreatitis occurred in six patients: three who underwent pancreatic stent placement and three who did not (*p*=0.013). One case of pancreatitis occurred in a patient with successful pancreatic cannulation and methylene blue injection. One case of pancreatitis occurred in a patient with failed pancreatic cannulation. All pancreatitis cases were mild or moderate in severity and resolved with conservative management. Even though intraductal methylene blue injection prior to EP is a simple and seemingly safe method of facilitating pancreatic stent placement, the findings of this study are limited by the small sample size. Further controlled studies are necessary.

CONCLUSIONS
===========

Over the last three decades, there have been many studies of EP as well as improvements in the techniques and modalities used for EP. As a result, EP has been established as a first-line effective therapy for adenoma of the major duodenal papilla. Despite recent advances pertaining to the roles of EUS and IDUS in preprocedural evaluation and the placement of pancreatic duct stents for the prevention of postpapillectomy pancreatitis, further technical refinements and studies to confirm their efficacy are needed.
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![Pre-procedural evaluation of ampullary adenoma. (A) Endoscopic exam demonstrates a pale, granular lesion on the major duodenal papilla. (B) Endoscopic ultrasonography with radial echoendoscope shows that the adenoma is limited to mucosa.](ce-48-24-g001){#F1}

![Another case of preprocedural evaluation of ampullary adenoma. (A) Endoscopic exam shows a protuberant, hyperemic lesion at the major duodenal papilla. (B) Intraductal ultrasonography reveals that the adenoma is limited to mucosa and muscularis propria is intact (Kindly provided by Drs. Jong Ho Moon and Hyun Jong Choi from SoonchunHyang University Bucheon Hospital).](ce-48-24-g002){#F2}

![Endoscopic papillectomy of ampullary adenoma. (A) A pale, elongated lesion is seen on the major duodenal papilla. (B) The adenoma is grasped with a standard polypectomy snare. (C) The tumor is removed *en bloc* after application of electrosurgical current. (D) A 5 Fr, 3 cm pancreatic stent is placed. (E) Hemostasis is achieved with argon plasma coagulation. (F) Postpapillectomy ulcer is clear without bleeding.](ce-48-24-g003){#F3}
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